The gas drainage borehole is a typical hole-containing structure, and its failure is similar to the hole-containing specimen. To study the characteristics of wave velocity and power spectral density of the hole-containing specimens with different moisture content, an ultrasonic test of the hole-containing specimens during destruction was carried out. A waveform with different moisture contents was recorded by the RSM-SY7 system. The wave velocity and power spectral density was calculated to analyze its relationship with moisture content and degree of damage. The results show that the wave velocity of the hole-containing specimens gradually decreases during the destruction. There were 3 stages of attenuation of wave velocity during the destruction, which were stable, slightly reduced, and rapidly decreasing stages. Changes in moisture content would cause changes of duration of the three stages. The power spectral density gradually decreases during the destruction. The moisture content affected the attenuation mode of the power spectral density and the amount of attenuation. In the detecting of the gas borehole, the wave velocity and the power spectral density can be used to locate the damage area. This research provides a theoretical basis for detection engineering.
Introduction
The gas drainage borehole is a typical hole-containing structure, and the failure of a gas drainage hole is similar to the hole-containing specimen. By studying the failure process of the hole-containing specimens, the damage area around the hole can be obtained, and the failure mechanism of the hole-containing specimens can be revealed, which provides theoretical guidance for underground gas drainage drilling engineering. During the destruction of the hole-containing specimens, many cracks form around the hole [1] .
As an ultrasonic wave has strong sensitivity to the crack, multiple reflections and refractions will be generated at the edge of crack, and a strain phase difference is formed at the edge. That leads to friction at the interface of air and solid, and converting mechanical energy into heat energy. Therefore, the energy carried by the ultrasonic wave is consumed [2, 3] . That eventually leads to the wave velocity reducing and amplitude attenuating. All these changes of parameters can be attributed to the problem of ultrasonic waves propagating in fractured rock. In response to this problem, scholars have carried out a lot of research.
where α(ω) is the attenuation coefficient, C r (ω) is the velocity of specimen, ω is angular frequency. Although great progress has been made in the ultrasonic research of rock, the damage of hole-containing specimens is mainly based on traditional experimental methods. A compression test of hole-containing gypsum specimens was carried out by Lajtai [27] and Carter [28] . In their experiments, the fractured area of specimens was divided into far-field cracks, main cracks, and damaged area. Later, some scholars studied the crack evolution of a rock in different conditions by RFPA2D [29, 30] , statistical methods [31] , digital speckle correlation measurement [32] and PFC [33] . The failure process of the perforated specimens was analyzed, and the relationship between the dip angle and the failure type at the macroscopic level was obtained. The existence of three types of failure modes was verified.
However, the wave velocity and power spectral density of the failure process of a hole-containing specimen rarely appear. Therefore, this paper focuses on the wave velocity and power spectral density of a hole-containing specimen during the progressive destruction. The waveform of a hole-containing specimen during the failure was obtained. Then, the wave velocity and power spectral density was calculated to find the relationship of wave velocity, power spectral density and the damage of specimens.
Method and Theory

Calculation of Velocity
V p measurements were carried out according to the ISO1920-7:2004 (International) standard. According to the standard, the device includes a transmitter and a receiver that generate the ultrasonic waves. The transmitter and the receiver should be applied on the two parallel faces of a rock specimen having a determined length (L) and trigger a series of ultrasound pulses. The device calculates the time interval (t) between the start and the reception of the pulses. The V p in the specimen is calculated as Equation (2):
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Power Spectral Density Estimation Method
The power spectral density was calculated by autocorrelation (or autocovariance) function method. For the waveform data x(t), find the correlation function C x (τ) of the waveform [34, 35] :
Then according to the Wiener-Khinchin theorem, the Fourier transform was performed on the correlation function to obtain the power spectral density [36, 37] :
where S x (ω) is power spectral density, T is signal period.
Experiments Details
Preparation of Hole-Containing Specimens with Different Moisture Contents
Our experiment simulates the damage process of a gas extraction borehole, which is arranged on the side of the roadway, as shown in Figure 1 [38] . Such a borehole is a typical cavity structure. The process of a gas extraction borehole destroyed by the ground stress can be regarded as the damage process of the hole-containing specimen. Usually, the borehole is arranged in the coal seam, and the physical and mechanical properties of coal in different places will be significantly different. This paper focuses on the destruction process of brittle coal, so the specimen prepared requires high brittleness. Compared with cement-based materials, the destruction process of gypsum is closer to brittle fracture. Therefore, gypsum materials are selected in this paper.
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Experiments Details
Preparation of Hole-Containing Specimens with Different Moisture Contents
Our experiment simulates the damage process of a gas extraction borehole, which is arranged on the side of the roadway, as shown in Figure 1 [38] . Such a borehole is a typical cavity structure. The process of a gas extraction borehole destroyed by the ground stress can be regarded as the damage process of the hole-containing specimen. Usually, the borehole is arranged in the coal seam, and the physical and mechanical properties of coal in different places will be significantly different. This paper focuses on the destruction process of brittle coal, so the specimen prepared requires high brittleness. Compared with cement-based materials, the destruction process of gypsum is closer to brittle fracture. Therefore, gypsum materials are selected in this paper. First, gypsum was mixed with water at a mass ratio of 7:3 and poured into a 70 mm × 70 mm × 70 mm square box. A prefabricated drilling device is placed in the center of the box. All specimens were air-dried and placed in a cool, ventilated place for 30 days. Then all specimens were taken out, and the surface of the specimens was polished by a JKSHM-200S (Jieke Machinery Factory, Jiangyan, Jiangsu, China) programmable grinding machine. If a lot of pores existed in the surface, the pores should be filled with gypsum powder to keep the surface flat.
All specimens were divided into 4 groups, which are A, B, C, and D. Group A was saturated aqueous group, group B and C were controlled moisture content, and group D was dry control group. Each group had 5 Specimens. Among them, the specimens were placed in an airtight container in the saturated aqueous group, and the liquid level in the container must be 20 mm above the top surface of the specimens. Then group B was placed in the top of group A. The bottom of group B to the top the liquid level must be 20 mm. Last, group C was placed in the top of group B. The bottom of group C to the bottom of group B must be 70 mm, as shown in Figure 2 . After that, weighed once every 24 h and recorded the mass of specimens, as shown in Table 1 . First, gypsum was mixed with water at a mass ratio of 7:3 and poured into a 70 mm × 70 mm × 70 mm square box. A prefabricated drilling device is placed in the center of the box. All specimens were air-dried and placed in a cool, ventilated place for 30 days. Then all specimens were taken out, and the surface of the specimens was polished by a JKSHM-200S (Jieke Machinery Factory, Jiangyan, Jiangsu, China) programmable grinding machine. If a lot of pores existed in the surface, the pores should be filled with gypsum powder to keep the surface flat.
All specimens were divided into 4 groups, which are A, B, C, and D. Group A was saturated aqueous group, group B and C were controlled moisture content, and group D was dry control group. Each group had 5 Specimens. Among them, the specimens were placed in an airtight container in the saturated aqueous group, and the liquid level in the container must be 20 mm above the top surface of the specimens. Then group B was placed in the top of group A. The bottom of group B to the top the liquid level must be 20 mm. Last, group C was placed in the top of group B. The bottom of group C to the bottom of group B must be 70 mm, as shown in Figure 2 . After that, weighed once every 24 h and recorded the mass of specimens, as shown in Table 1 . 
Wave Velocity Measurement Test Process
After the specimens are placed on the base of the test machine, the coupling agent is applied to the left and right sides of the specimens, and the transmitter and the receiver of the RSM-SY7 (Mechanics Institute of Chinese Academy of Sciences, Wuhan, Hubei, China) are attached, as shown in Figure 3 . The test loading mode is displacement control, the loading rate is 0.05 mm/min, and the acquisition frequency of press is 1 Hz. The waver's transmission mode was set to continuous transmission with 512 µ s sampling length. Before the test machine starts to press down, the measurement is performed to obtain the initial ultrasonic waveform of the specimen. The initial state parameter of the specimens is calculated. Then the waveform data is measured with every 1 kN rising of the axial pressure until the specimen is destroyed. 
After the specimens are placed on the base of the test machine, the coupling agent is applied to the left and right sides of the specimens, and the transmitter and the receiver of the RSM-SY7 (Mechanics Institute of Chinese Academy of Sciences, Wuhan, Hubei, China) are attached, as shown in Figure 3 . The test loading mode is displacement control, the loading rate is 0.05 mm/min, and the acquisition frequency of press is 1 Hz. The waver's transmission mode was set to continuous transmission with 512 µs sampling length. Before the test machine starts to press down, the measurement is performed to obtain the initial ultrasonic waveform of the specimen. The initial state parameter of the specimens is calculated. Then the waveform data is measured with every 1 kN rising of the axial pressure until the specimen is destroyed. Figure 4 shows the initial wave velocity of specimens with different moisture contents. The initial wave velocity of the specimens of group A is among 2140.61 and 2272.58 m/s, and the average wave velocity is 2200.20 m/s. The initial wave velocity of the specimens of group B is among 2483.21~2670.00 m/s, and the average wave velocity is 2566.43 m/s. The wave velocity of the specimens of group C is among 2481.79 and 2579.63 m/s, and the average wave velocity is 2529.01 m/s. The wave velocity of the dried specimens is among 2532.80 and 2474.41 m/s, and the average wave velocity is 2574.02 m/s. Although there is a small fluctuation in the initial wave velocity of the specimens with the same moisture content, the data show a tendency that the initial wave velocity gradually decreases as the moisture content increases. This is quite different from the study by Amalokwu [39] . The main reason is that the specimens used in this experiment are gypsum. The combination of gypsum and water produces a chemical reaction. The reaction process is as follows:
Results and Discussion
Initial Wave Velocity of Specimens
That is, the gypsum will dissolve after being in contact with water, forming Ca 2+ ions, SO4 2− ions and water. As the moisture content increases, the process accelerates due to the continued dissolution of Ca 2+ ions and SO4 2− ions and producing a large amount of water. Due to the dissolution, a large number of pores filled with water are generated inside the specimens.
Therefore, the path of the ultrasonic wave passing through the specimens can be considered to be a path which combines water, porosities and solid. When the specimen contains no water, it can be approximately regard as that the wave enters the solid from the transmitter on the left side, and directly goes through the specimen. Then, the wave goes out of specimen from the right side captured by receiver. This process is shown in Figure 3 . However, when the specimen contains water, there are more or fewer dissolutions. That makes the specimen more porous. Thus, after entering the solid, the wave could go into the porosities. Then the wave is attenuated, going out of the porosities. This process that the wave goes into and goes out of the porosities could repeat several times. That leads to the path of ultrasonic wave with water containing more void or air than the path without water. As the wave velocity in air is obviously lower than in solid, the wave velocity of the dry specimens will be faster than of the saturated aqueous specimens.
There are 3 types of scatter, as shown in Figure 4 . The first is scatter of moisture content in the same group, such as group A. This is caused by the process of water absorption which is uncontrolled. This process would cause a different mass of each specimen, which leads to the scatter of moisture content. The second is scatter of velocity in group D. During the preparation of specimens, it is hard to remove air bubbles in the box, which would cause the anisotropy of velocity. At the same time, as group D contains no water, this will intensify the anisotropy of velocity. The third is scatter of moisture content between group A and the other groups. This is caused by the different method of water absorption. As shown in Figure 2 , group A is flooded. However, group B and C is placed above the water. The absorption process can be regarded as that the specimen absorbs the moisture evaporated in the air. Thus, the moisture content of group B and C is significantly lower than group A. Although there is a small fluctuation in the initial wave velocity of the specimens with the same moisture content, the data show a tendency that the initial wave velocity gradually decreases as the moisture content increases. This is quite different from the study by Amalokwu [39] . The main reason is that the specimens used in this experiment are gypsum. The combination of gypsum and water produces a chemical reaction. The reaction process is as follows:
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That is, the gypsum will dissolve after being in contact with water, forming Ca 2+ ions, SO 4 2− ions and water. As the moisture content increases, the process accelerates due to the continued dissolution of Ca 2+ ions and SO 4 2− ions and producing a large amount of water. Due to the dissolution, a large number of pores filled with water are generated inside the specimens. Therefore, the path of the ultrasonic wave passing through the specimens can be considered to be a path which combines water, porosities and solid. When the specimen contains no water, it can be approximately regard as that the wave enters the solid from the transmitter on the left side, and directly goes through the specimen. Then, the wave goes out of specimen from the right side captured by receiver. This process is shown in Figure 3 . However, when the specimen contains water, there are more or fewer dissolutions. That makes the specimen more porous. Thus, after entering the solid, the wave could go into the porosities. Then the wave is attenuated, going out of the porosities. This process that the wave goes into and goes out of the porosities could repeat several times. That leads to the path of ultrasonic wave with water containing more void or air than the path without water. As the wave velocity in air is obviously lower than in solid, the wave velocity of the dry specimens will be faster than of the saturated aqueous specimens.
There are 3 types of scatter, as shown in Figure 4 . The first is scatter of moisture content in the same group, such as group A. This is caused by the process of water absorption which is uncontrolled. This process would cause a different mass of each specimen, which leads to the scatter of moisture content. The second is scatter of velocity in group D. During the preparation of specimens, it is hard to remove air bubbles in the box, which would cause the anisotropy of velocity. At the same time, as group D contains no water, this will intensify the anisotropy of velocity. The third is scatter of moisture content between group A and the other groups. This is caused by the different method of water absorption. As shown in Figure 2 , group A is flooded. However, group B and C is placed above the water. The absorption process can be regarded as that the specimen absorbs the moisture evaporated in the air. Thus, the moisture content of group B and C is significantly lower than group A. 
Wave Velocity During Specimens Failure
Typical transmission waveform data during loading is shown in Figure 5 . The curve of 0 kN represents the waveform before the test, and the curves of 3~15 kN correspond to the waveform data collected by the test machine loading from 3 kN to 15 kN. As shown in Figure 5 , the shapes of the waveform from 0 to 12 kN are same, and there is only a delay of 1 to 2 µs, indicating that the waveform collects well, and the damage of the specimens at this stage is little, and the influence on the ultrasonic propagation is slight. While the transmitted wave passing through specimens, multiple reflections and diffractions generate. The accompanying vibrations are superimposed with the motion caused by the emitter to form a resonance, which is expressed as the second and third peak amplitudes significantly rising. Therefore, the highest point of waveform is over 1500 mV.
The wave velocity change has three stages during loading, which are stability (I), slight decrease (II), and rapid decrease (III), as shown in Figure 6 . This result is in good agreement with stages of surface deformation by Zhang [1] . The surface deformation was divided into 4 stages during the 
Typical transmission waveform data during loading is shown in Figure 5 . The curve of 0 kN represents the waveform before the test, and the curves of 3~15 kN correspond to the waveform data collected by the test machine loading from 3 kN to 15 kN. 
The wave velocity change has three stages during loading, which are stability (I), slight decrease (II), and rapid decrease (III), as shown in Figure 6 . This result is in good agreement with stages of surface deformation by Zhang [1] . The surface deformation was divided into 4 stages during the As shown in Figure 5 , the shapes of the waveform from 0 to 12 kN are same, and there is only a delay of 1 to 2 µs, indicating that the waveform collects well, and the damage of the specimens at this stage is little, and the influence on the ultrasonic propagation is slight. While the transmitted wave passing through specimens, multiple reflections and diffractions generate. The accompanying vibrations are superimposed with the motion caused by the emitter to form a resonance, which is expressed as the second and third peak amplitudes significantly rising. Therefore, the highest point of waveform is over 1500 mV.
The wave velocity change has three stages during loading, which are stability (I), slight decrease (II), and rapid decrease (III), as shown in Figure 6 . This result is in good agreement with stages of
surface deformation by Zhang [1] . The surface deformation was divided into 4 stages during the failure of specimens, which are elasticity, crack initiation, crack penetration and specimen failure. Generally, when 0.3 σ p < σ < 0.4 σ p , a specimen gets into crack initiation stage. When 0.7 σ p < σ < 0.8 σ p , a specimen gets into crack penetration stage. When 0 < σ < 0.3 σp, the wave velocity is in a stable stage. The specimen is in the stage of encryption and elasticity. The inner part of the specimens is closed, and some new cracks are developed. The path of the ultrasonic wave passing through the specimens almost remains constant. Therefore, the wave speed at this stage is relatively stable, and the wave speed in this stage is the fastest. The maximum decline is about 20% of the total decrease, as shown in the I area of Figure 6b .
When 0.3 < σ < 0.7 σp, the wave velocity is in a slight decrease stage, and the specimens are in the crack initiation stage, and the velocity decrease in this stage accounts for 20-30% of the total decrease. At this time, many cracks in the specimens start to expand, and the size of the initiating crack gradually approached the wavelength, resulting in acoustic diffraction. During the ultrasonic transmission process, the crack is bypassed multiple times, which will cause a partial delay, that eventually leads to a decrease of the wave velocity.
When 0.7 < σ < 1.0 σp, the wave velocity is in a stage of rapid decrease, and the specimens is in the stage of crack failure, and the speed drop generated in this stage accounts for more than 50% of the total decrease. At this time, many cracks are penetrated inside the specimens, and the specimens are destroyed. It makes that the ultrasonic wave transmission process needs to pass through the crack surface several times, with a large amount of energy consumed. The combination of delay and energy consumption caused by the crack eventually leads to a rapid decrease of the wave velocity. Figure 7 shows the wave velocity reduction of the specimens with different moisture contents during the destruction. The wave velocity of the specimens with different moisture content show a gradual decrease during the failure. This is caused by all the specimens producing cracks during the loading process. Then, multiple reflections and refractions will be generated at the edge of the crack. As the two sides of the edge are solid and gas, the vibration is different. That leads to a strain phase difference being formed at the edge. Finally, this leads to friction at the edge of crack, and converting mechanical energy into heat energy. Therefore, the energy carried by the ultrasonic wave is consumed. Moreover, the diffraction effect and energy absorption exacerbate the attenuation of wave velocity.
Wave Velocity of Specimens With Different Moisture Content
However, the attenuation of the wave velocity during the destruction of the specimens with different moisture contents is different, as shown in Figure 7 . In the process that starts with the attenuation at 20% and ends with the wave velocity rapidly drops, the stress required for the A2 is 35%σp, the stress required for the B2 is 16%σp, the stress required for the C2 is 6%σp, and the stress required for the D2 is 5%σp. When 0 < σ < 0.3 σ p , the wave velocity is in a stable stage. The specimen is in the stage of encryption and elasticity. The inner part of the specimens is closed, and some new cracks are developed. The path of the ultrasonic wave passing through the specimens almost remains constant. Therefore, the wave speed at this stage is relatively stable, and the wave speed in this stage is the fastest. The maximum decline is about 20% of the total decrease, as shown in the I area of Figure 6b .
When 0.3 < σ < 0.7 σ p , the wave velocity is in a slight decrease stage, and the specimens are in the crack initiation stage, and the velocity decrease in this stage accounts for 20-30% of the total decrease. At this time, many cracks in the specimens start to expand, and the size of the initiating crack gradually approached the wavelength, resulting in acoustic diffraction. During the ultrasonic transmission process, the crack is bypassed multiple times, which will cause a partial delay, that eventually leads to a decrease of the wave velocity.
When 0.7 < σ < 1.0 σ p , the wave velocity is in a stage of rapid decrease, and the specimens is in the stage of crack failure, and the speed drop generated in this stage accounts for more than 50% of the total decrease. At this time, many cracks are penetrated inside the specimens, and the specimens are destroyed. It makes that the ultrasonic wave transmission process needs to pass through the crack surface several times, with a large amount of energy consumed. The combination of delay and energy consumption caused by the crack eventually leads to a rapid decrease of the wave velocity. Figure 7 shows the wave velocity reduction of the specimens with different moisture contents during the destruction. The wave velocity of the specimens with different moisture content show a gradual decrease during the failure. This is caused by all the specimens producing cracks during the loading process. Then, multiple reflections and refractions will be generated at the edge of the crack. As the two sides of the edge are solid and gas, the vibration is different. That leads to a strain phase difference being formed at the edge. Finally, this leads to friction at the edge of crack, and converting mechanical energy into heat energy. Therefore, the energy carried by the ultrasonic wave is consumed. Moreover, the diffraction effect and energy absorption exacerbate the attenuation of wave velocity.
However, the attenuation of the wave velocity during the destruction of the specimens with different moisture contents is different, as shown in Figure 7 . In the process that starts with the attenuation at 20% and ends with the wave velocity rapidly drops, the stress required for the A2 is 35%σ p , the stress required for the B2 is 16%σ p , the stress required for the C2 is 6%σ p , and the stress required for the D2 is 5%σ p . This might be due to the microcracks filled by the moisture. Since the moisture content is increased, the microcracks are formed and filled by the moisture at the same time. The wave velocity, which should be lowered at this stage, is increased due to the action of moisture. Therefore, the process of reducing the wave velocity at a macroscopic level is extremely slow.
However, in the case of drying specimen, things are different. At the stability and slight decrease stages, the radius of the microcrack is very small, and the sound wave bypasses the crack due to the diffraction effect. That makes little influence on the wave velocity. So that the wave velocity is near constant in the early stage. When the microcracks expand, the sound waves cannot bypass the cracks. As they pass through the crack, the wave velocity has a significant drop.
Therefore, the duration of the specimens in stability stage (I) increases with the decrease of moisture content; the duration of the slight decrease stage (II) decreases with the decrease of moisture content; the attenuation of the wave velocity in the rapid decrease stage (III) increases with the decrease of moisture content.
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Initial Power Spectral Density of Specimens
The initial waveform of the specimens with different moisture contents was measured before the start of the test, and the initial power spectral densities of the specimens with different moisture contents were shown in Figure 8 . Frequency / Hz Power ×Frequency 
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The initial waveform of the specimens with different moisture contents was measured before the start of the test, and the initial power spectral densities of the specimens with different moisture contents were shown in Figure 8 . Frequency / Hz Power ×Frequency The power spectral densities of the specimens with different moisture contents all reached a peak between 4.88 × 10 4~5 .17 × 10 4 Hz. Among them, the peak of A5 at 48,830 Hz is 11.87 dB/Hz; the peak of B5 formed at 50,780 Hz is 9.25 dB/Hz; the peak of C4 formed at 50,780 Hz is 16.96 dB/Hz; Energies 2018, 11, 3166 9 of 13 the peak of D4 formed at 50,780 Hz was 17.19 dB/Hz. All specimens are maintained in the range of −45~−50 dB/Hz in the frequency at 3 × 10 5~5 × 10 5 Hz.
The initial power spectral densities of the different specimens have similar characteristics. At frequencies >10 5 Hz, the specimens all show a tendency of decay, eventually maintaining around −50 dB/Hz. All specimens reach the peaks at the range of 4.5 × 10 4 to 5.2 × 10 4 Hz, which means the energy carried by the waveform in the range of 4.5 × 10 4~5 .2 × 10 4 Hz is the largest and the waveform penetrating power is the strongest. This is consistent with the research of Fast Fourier Transformation (FFT) of the sound wave of rock [40] . In their research, the energy of wave is concentrated around 5.0 × 10 4 Hz.
The vibration of sound waves exhibits an exponential decay with increasing distance. The propagation distance of sound waves at various frequencies is significantly different. According to Song et al. [41] , the propagation distance of sound waves at 1 × 10 5 Hz under osmosis in porous medium was shorter than 0.2 m. In practice, as the propagation mechanism is much more complicated than the theoretical case, the distance is far less than 0.2 m. as Also, the nonlinear filtering characteristics of rock-like materials that the high-frequency part of the waveform is absorbed would keep the part of which is lower than 1 × 10 5 Hz. This can be proved by the study of acoustic wave propagation characteristics [42] . Therefore, the peak of power spectral densities at 4.88 × 10 4~5 .17 × 10 4 may be due to the interaction of filtering characteristics of rock-like materials and propagation characteristics of sound waves. Figure 9 shows the power spectral density of the specimens at different times during destruction. The main characteristics of the power spectral density of the specimens are as follows:
Power Spectral Density During Destruction
× 10 4 Hz.
The power spectral density shifts downward, which means the ultrasonic waves are absorbed inside the specimens. At this time, the specimen is below 80%σp, which corresponds to the elastic phase and the crack initiation stages described in Zhang [1] . In these two stages, the tiny crack inside of specimen is emerging. This is consistent with the conclusion that the number of pores increases, and the attenuation of elastic wave absorption increases in the literature [3] .
Classical acoustics believe that the absorption coefficient of the medium is proportional to the square of the frequency [3] . According to this, if there is absorption attenuation taking place, the attenuation at high frequency must be larger than in low frequency in the same medium. However, the attenuation of the 1 × 10 3 Hz~2 × 10 5 Hz of the experiment is much larger than that of 2 × 10 5~5 × 10 5 . It completely against the classical theory, which means that attenuation at this time is not completely caused by absorption attenuation. Since it is above the 96%σp, corresponding to the crack failure stage described in the Zhang [1] , the crack starts to go through the specimens, and scattering attenuation of the ultrasonic wave in the crack of the specimens increases, so that the peak of the spectrum begins to decay. This also proves the conclusion that the pore size increases and scattering attenuation of the wave increases [3] . 
Power Spectral Density of Specimens with Different Moisture Content
The power spectral density of the specimens during destruction will produce the aforementioned attenuation. To clearly show the change, the filtered attenuation of the specimens with different moisture content are shown in Figure 10 .
The power spectral density attenuation of high moisture content specimens is more uniform within 0~5 × 10 5 Hz, and the maximum attenuation is −31.41 dB/Hz at 1.99 × 10 5 Hz, as shown in Figure 10a . While the low moisture content specimens are mainly concentrated among 1 × 10 3 Hz and The power spectral density shifts downward, which means the ultrasonic waves are absorbed inside the specimens. At this time, the specimen is below 80%σ p , which corresponds to the elastic phase and the crack initiation stages described in Zhang [1] . In these two stages, the tiny crack inside of specimen is emerging. This is consistent with the conclusion that the number of pores increases, and the attenuation of elastic wave absorption increases in the literature [3] .
Classical acoustics believe that the absorption coefficient of the medium is proportional to the square of the frequency [3] . According to this, if there is absorption attenuation taking place, the attenuation at high frequency must be larger than in low frequency in the same medium. However, the attenuation of the 1 × 10 3 Hz~2 × 10 5 Hz of the experiment is much larger than that of 2 × 10 5~5 × 10 5 . It completely against the classical theory, which means that attenuation at this time is not completely caused by absorption attenuation. Since it is above the 96%σ p , corresponding to the crack failure stage described in the Zhang [1] , the crack starts to go through the specimens, and scattering attenuation of the ultrasonic wave in the crack of the specimens increases, so that the peak of the spectrum begins to decay. This also proves the conclusion that the pore size increases and scattering attenuation of the wave increases [3] .
The power spectral density attenuation of high moisture content specimens is more uniform within 0~5 × 10 5 Hz, and the maximum attenuation is −31.41 dB/Hz at 1.99 × 10 5 Hz, as shown in Figure 10a . While the low moisture content specimens are mainly concentrated among 1 × 10 3 Hz and 2 × 10 5 Hz, the maximum attenuation is −52.96 dB/Hz at 3.12 × 10 4 Hz, as shown in Figure 10d . It is indicated that the absorption attenuation took place in high moisture content specimens, while scattering attenuation took place in low moisture content specimens. The specimens with high moisture content are shown in Figure 10a . In different stress stages, such as 13.4%σ p , 53.5%σ p , 80.2%σ p , 93.6%σ p , all of them have different degrees of attenuation, and the curves fluctuate greatly. As the stress rises, the attenuation gradually increases. While the low moisture content specimen is shown in Figure 10d , in the low stress, such as 11.6%σ p , 52.4%σ p , the curves are coincident. That means the power spectral density attenuation is little. However, when it is close to the peak stress, such as 99.0%σ p , the red line in the figure decreases significantly, which means that the power spectral density attenuation is sharply increased.
The peaks of the specimens are among 4.88 × 10 4~5 .17 × 10 4 Hz, and the peak attenuation of the specimens with different moisture content have a great difference, compared with Figure 10a-d. The peak of the high moisture content specimens has small attenuation amplitude, and the attenuation at 48,830 Hz is −12.25 dB/Hz. The peak of the low moisture content specimens has large attenuation, and the attenuation at 50,780 Hz reaches −38.36 dB/Hz. This phenomenon is unified with the wave speed. Under the high moisture content condition, the wave velocity changes more smoothly during the whole loading process due to the action of moisture, which makes that the energy loss is uniform. In terms of power spectral density, the power will slowly decrease at each frequency, which is also in accordance with Figure 10a .
However, under the low moisture content condition, the influence of the initial wave velocity is small, meaning that the energy loss is small, and the power spectral density at each frequency is shifted less. When loading into rapid decrease stage, the wave velocity drops significantly, which means the energy loss is very large. The power spectral density at each frequency will decrease significantly. The power spectral density peaks are concentrated at 4.88 × 10 4~5 .17 × 10 4 Hz, which means that the energy carried by these frequencies is large. When the energy in the waveform is lost, the energy at these frequencies will decrease significantly, which is reflected by the power spectral density shifting down, as shown in Figure 10d . 
Conclusions
Wave velocity and power spectral density are extremely important ultrasonic parameters that reflect the damage of rock. Ultrasonic waveforms with different degrees of damage were obtained by performing uniaxial compression tests on hole-containing specimens with different moisture contents. The wave velocity of the hole-containing specimens gradually decreases during destruction. There are three stages of attenuation of wave velocity, which are stable, slightly reduced, and rapidly decreasing. The moisture content has great effect on the attenuation of wave velocity. As the moisture content decreases, the duration of the stable stage increases, and the duration of the slight decrease stage decreases. The lower the moisture content, the larger the amount of attenuation of wave velocity in the rapidly decreasing stage. The power spectral density gradually decreases during the destruction of the hole-containing specimens, and the peak of power spectral density is among 4.5 × 10 4~5 .2 × 10 4 Hz. The moisture content influences the attenuation of power spectral density. The higher the moisture content, the smoother the attenuation during the destruction. The lower the moisture content, the more severe the attenuation of peak near the peak strength. This can provide an effective method for detection engineering of a gas extraction borehole. In the detection, the influence of the gas flow inside the borehole on the ultrasonic wave needs to be considered, which will be carried out in subsequent research. 
